A factor having the property of enhancing infections and increasing tissue permeability has been shown to exist in testicle extracts (1, 2) , and in lesser concentration, fn extracts of mammalian organs (3) . Similar factors have been found to occur in abundance in invasive bacteria (4) , in certain poisonous animal products (5) , in leech extracts (6) , and in many malignant tissues (7) . However, the striking similarity of action of these products on skin permeability does not necessarily imply that the active substances obtained from these different sources are related chemically, or that the same mechanism is involved in the production of the spread.
The study of the phenomenon would be made easier if the chemical nature of the factors of various derivation could be established. The action of the spreading agents on the tissues, and the particular response which results in the spread are not clearly understood. It has been shown that enhancement of infection and extensive spread of particles in the dermis could be induced by solutions of azoproteins (8) , but no other chemical has been found which exhibits similar properties. There is evidence that the spreads produced under the influence of azoproteins, on the one hand, and of active tissue extracts, on the other hand, proceed from an entirely different mechanism (6) .
The chemical properties of the spreading factor occurring in testicle extracts have been investigated. The results presented in this paper suggest that the spreading factor extracted from testicle is a protein.
P R O P E R T I E S O F T E S T I C L E S P R E A D I N G F A C T O R

Material and Method
Test for Spreading Activity.--The power of an extract to spread was determined by measuring the area of diffusion 24 hours after injection of 0.5 c~. of the extract, intradermally in the rabbit. Higgins' India ink, diluted 1:3 with water and filtered through a Berkefeld candle was used as indicator, and 0.25 cc. of it was added in the syringe to the test solution before injection. It is probable that the extent of the diffusion, as indicated by the spread of the ink particles, is not an accurate measure of the spreading power of the solution tested. The bigger the particle, the sooner it is likely to be retained in the tissue spaces; whereas the spreading agent itself or the substances dissolved with it continue to spread beyond the limit reached by the ink. The India ink was utilized as indicator because of the sharp outline it usually gives to the area of diffusion, and because no more than a relative measure of the potency of the various fractions of the testicle extract was judged necessary in the work. A control injection was always made in the rabbit treated, 0.5 cc. of 0.9 per cent NaC1 being substituted for the test solution, and injected in a corresponding situation on the other side after the addition of India ink. The area of spread appears to depend to a great extent on the individual permeability of the rabbit skin, which is apt to vary greatly from one animal to another. In order to take these variations into account, the area of spread produced by the extract was divided by the area of spread produced by the saline control. The resulting figure is more or less independent of the individual permeability of the skin.
Source of Spreading Factor and Preparatio~ of Extracts.--A study of the dis-
tribution of the spreading factor in the animal body has shown that practically every one of ten organs extracted yields, in varying amount, an agent increasing skin permeability (3). Among mammalian organs, the testicle gave with regularity the most active preparations. Rabbit and rat testicles yielded extracts with a greater spreading power than did bull and guinea pig testicle extracts. Bull testicle was selected for the present work because abundant material could be secured at low cost. In some early tests rat testicles were used with the same general results.
Before extraction the bull testicle was trimmed of its membrane and passed through a meat grinder. The resulting pulp was found to contain 13.4 per cent of solid matter. It was ground with sand and an amount of water added equal in weight to the pulp. M t e r a short period of contact, the undissolved fraction was separated by centrifuging the mixture at 3,000 R.P.M. for 15 minutes. Mter filtration through paper the dry weight of this extract averaged 42.8 rag. per cc. precipitate out a large portion of the inert protein material without much reduction of the spreading power of the solution, if the reaction is not reduced below p H 5.0. A further reduction to p H 4.0 shows no immediate effect, but incubation at 37°C. for 24 hours results in suppression of the spreading power of the solution. The factor was immediately destroyed at p H 3.0 or p H 2.0 (2). In studying the properties of the testicle extract, it was determined t h a t the factor m a y become attached to the bulky precipitate and be removed from solution. B u t if the acidification is brought about cautiously with buffer, the resulting finely divided precipitate m a y be removed without loss in the concentration of the spreading factor. W i t h this evidence t h a t the factor is soluble in weak acids, an a t t e m p t was made to extract it directly b y acid solution, thus avoiding much of the inert material soluble in water.
Four bull testicles, trimmed of the connective tissue, were minced, and the resulting 957 gm. of pulp ground with sand and treated with an equal volume, i.e. 957 cc., of 0.1 • acetic acid. Mter standing overnight in the ice box, the material was centrifuged and the supernatant fluid filtered through paper. The resulting fluid was clear, reddish, and had a reaction of pH 4.7. The dry weight of similar acid extracts was found to vary between 23.2 and 25.6 rag. per cc. This factor, free of the major part of the inert proteins, tested on rabbits proved to have a spreading power of the same order as that of the water extract.
A further experiment was carried out to determine the solubility in glacial acetic acid. The material tested was 1 gm. of dry powder of the purified factor. This was taken up in 20 cc. of glacial acetic acid, shaken for 20 minutes, and the undissolved part separated by centrifugation. The supernatant fluid was treated with 4 volumes of acetone, a procedure which, as will be shown later, precipitates the active spreading fraction. The precipitate was washed with more acetone and desiccated. The sediment insoluble in glacial acetic acid was also washed with acetone and dried. These two fractions, taken up in water and tested in the skin of rabbits, proved to possess about equal spreading properties.
Precipitation of the Spreading Factor by Organic Solvents.--McClean
has reported t h a t the factor can be precipitated out of an aqueous solution by 5 volumes of a mixture composed of 2 parts of alcohol and 3 of ether. Alcohol alone would bring down the active agent, but had the disadvantage of precipitating large a m o u n t s of inert material which interfered with further purification. There was no indication of solubility of the active fraction in boiling chloroform or petroleum ether (2) . These observations of McClean have been confirmed and extended. The spreading factor, either in the crude extract or in purified form, proved to be insoluble in ether, alcohol, acetone, chloroform, benzene, and pyridine. Acetone, under proper conditions, was found to be an excellent precipitating agent for the factor, removing it from aqueous solution quantitatively.
An acetic acid extract of bull testicle was treated with 4 volumes of acetone and the mixture left in the ice box overnight. The flocculent precipitate was collected on a Btichner funnel and washed with acetone until free of water. After drying in air, the yield of dry powder amounted to about 1.49 gin. per each 100 gm. of fresh tissue used for extraction. This fine white powder proved about 77 per cent soluble in water. This powder, kept in a dry state either at room temperature or in the ice box for 4 years, loses none of its spreading property, and there is evidence even that the spreading power increased with the aging of the powder.
Solutions prepared by extracting 3 gm. of powder with 100 cc. of distilled water gave detectable spread in the skin of a rabbit in dilutions as high as 1:100,000. Dilutions containing 0.0015 mg. solids per cc. still showed a noticeable effect on the permeability of the skin.
Fractionation by Ammonium Sulfate.--It was noted that the factor obtained by the above method was soluble in half saturated ammonium sulfate but was precipitated in saturated solution. This property was used in the further attempts to secure a purer product.
The dry acetone precipitate was reextracted with distilled water in the proportion of 4 gin. to 25 cc. of solvent. The insoluble part was discarded by centrifugation and filtration. Ammonium sulfate solution was added to the filtrate up to 0.4 saturation, and the mixture allowed to stand in the ice box overnight. The resultant precipitate was discarded and the solution brought to full saturation by the addition of crystals of ammonium sulfate, and again allowed to stand overnight. The resulting brownish precipitate was easily and completely soluble in water. The two precipitates obtained, that from 0.4 saturation and that from full saturation, were taken up in water and dialyzed, in preparation for the test in rabbit skin, along with the third fraction which remained in solution in the saturated ammonium sulfate. The first and third fractions were devoid of any spreading activity. On the other hand, 5 mg. of the fraction precipitated by full saturation gave an area of diffusion in the skin of 49 to 54 sq. cm. Dilutions as high as 1: 10,000, corresponding to the injection of 0.0005 rag., were sufficient to produce increase in the permeability of the skin.
Preparation of the Spreading Factor in Purified Form.--On the basis of the foregoing observations, a method has been evolved for the purification of the spreading factor in a stable form.
Method.--BuU testicle is extracted, as described above, with an equal volume of 0.1 N acetic acid. Mter filtration through paper, the factor is precipitated out by 4 volumes of acetone and this precipitate dried. The precipitate is reextracted with distilled water in the proportion of 25 cc. per gin. of the powder, and the insoluble part removed by centrifugation and filtration. The filtrate is mixed with an equal volume of saturated ammonium sulfate and the precipitate discarded. The clear filtrate is now brought to saturation with ammonium sulfate, and the resulting precipitate collected on folded filter paper. This fraction is very soluble in water, and can be taken up in a volume of water considerably less than the original solution and dialyzed u~til free of sulfate.
The purified fraction is a clear fluid, light brown in color. It is not precipitated by weak acid or by hydrochloric acid. Concentrated nitric acid produces a precipitate which does not redissolve on heating. It is precipitated by trichloracetic acid. Acetone, alcohol, and ether precipitate the substance from solution.
The biuret, Millon's, xanthoproteic, ninhydrin, and diazo reactions are positive. The sodium nitroprusside reaction is negative, but the solution gives a positive test for sulfur when lead acetate is added after boiling with alkali. No precipitate is produced by copper sulfate. Mercury, gold, and platinum chloride, and silver nitrate cause precipitation of the solution.
The nitrogen content of the purified solution, determined by the method of Van Slyke (9), represented 14.2 per cent of the total solids.
The spreading power of the final product, tested in the rabbit skin, is shown in Table I . Injection of 0.05 nag. of the fraction gave a spread of 17.0 sq. cm. The limit of dilution at which some effect on skin permeability could be detected was 1:100,000, corresponding to the injection of 0.00005 rag. substance. Results of tests made with less purified fractions are also shown in Table I .
The purified fraction, injected together with a suspension of virus (vaccinia) or bacteria ~staphylococcus), had the enhancing effect normally exhibited by the plain testicular extract. The purified extract was devoid of any hemolytic action on red blood cells, in contrast to the crude testicular extract (10) .
PROPERTIES OF TESTICLE SPREADING FACTOR
Properties of the Spreading Factor
Some of the properties of the spreading factor were brought out in the methods used in its preparation. To arrive at some idea of its chemical nature, other properties were investigated.
Dialysis and Filtration.--As noted in the above method, the factor failed to pass through semipermeable membranes. Solutions of the acetone precipitate were submitted to dialysis in collodion or cellophane sacs for 4 to 8 hours, using the technique of Kunitz and Simms (11) . The loss in diffusible matter amounted to as much as 71.8 per
T A B L E I
Spreading Power and Solid Content of Active Solutions Obtained by Successive Fractionation of Bull Testicle Extract (Recorded 24 Hours after Injection)
Solutions tested cent of the total dryweight, but no reduction in the spreading power was detected. The dialyzed solution was completely filterable through Berkefeld candles, with no loss in spreading power or in solids.
Effect of Heat.--Extracts of fresh testicle tissue or of acetone precipitates are inactivated by heating at 100°C. for 5 minutes. There is evidence that this is due, at least partly, to adsorption of the factor on the abundant precipitate produced by heating. It was found that acidification of the purified material delayed, but did not completely prevent, inactivation by heat. Thus a solution of the acetone precipitate at p H 4.5 was little affected b y immersion for 5 minutes in boiling water, b u t 10 minutes or more at 95°C. resulted in almost complete inactivation. On aging, the powdered acetone precipitate was found to undergo certain changes which tended to increase the stability of the factor for heat. However, none of the preparations T A B L E I I (1933) was found to w i t h s t a n d a t e m p e r a t u r e higher t h a n 60°C. for a prolonged period. These findings are at variance with those of McClean, who inferred from his results t h a t the factor is probably heat-stable.
Effect of Proteolytic Enzymes on the Spreading Activity of Testicle Extracts
Resistance to Strong A cid.--In the purified form the factor is soluble in hydrochloric acid and withstands a hydrogen ion concentration as high as pH 2.0. This resistance to strong acid made possible a study of the proteolytic action of pepsin on the testicular factor.
Effect of Proteolytic Emymes.--Crystalline pepsin, crystalline trypsin) and crystalline carboxypolypeptidase 2 were used (12) (13) (14) . The results are summarized in Table II . The purified fraction, which will tolerate strong acids, was completely inactivated on incubation with pepsin at pH 2.0 for 4 hours, but the solution, kept at pH 2.0 without the enzyme or at pH 6.2 with the enzyme, was unaffected. The amount of pepsin added was about 1/50 the weight of the substrate. Trypsin, in the proportion of 0.0025 rag. protein nitrogen (2) . The carboxypolypeptidase at pH 8.0 was without effect, and the solutions incubated with this enzyme for 4 hours showed no reduction of their spreading activity.
Effect of Concentrated Preparations on the Rabbit
Skin.--The effect of highly active preparations was tested. Solutions of the acetone precipitate were concentrated in Norton alundum thimbles lined with an 8 per cent solution of cotton in glacial acetic acid and placed under negative pressure (15) . Preparations corresponding to a volume reduction of 10-, 15-, 25-, and 58-fold, respectively, were obtained and the spreading properties tested. Results are shown in Table III . None of the factor could be detected in the concentrated ultrafiltrate. The extensive spreads caused by the concentrated factor are illustrated in Figs. 1, 2, and 3 . The more concentrated solution not only spread extensively, but the whole area involved appeared distinctly edematous. 24 hours after inoculation, fluid from the injected area was found to have collected by gravity in the subcutaneous tissue of the lower part of the abdomen. Some of the transudate was withdrawn by puncture. The liquid was transparent, almost colorless, and coagulated spontaneously. The fluid failed to increase the permeability of the rabbit skin. At no time during the formation and reabsorption of the edema was there any gross sign of inflammatory or irritative changes.
SUMMARY AND CONCLUSIONS I. The factor responsible for the spreading property of testicle extracts was found to be soluble in water, in salt solution, and in acid media. It is relatively stable at high hydrogen ion concentrations, and it is not precipitated or inactivated by hydrochloric acid up to pH 2.0. The spreading substance is not soluble in acetone, ether, alcohol, chloroform, or pyridine. It is inactivated by crystalline trypsin and pepsin at the optimum pH of action of these enzymes. It is not attacked by a crystallized carboxypolypeptidase. The substance does not pass semipermeable membranes which retain proteins. The color tests for proteins are positive. At least 14.2 per cent of the fraction isolated is nitrogen. 8 Taken together these properties are strong evidence that the tesficular factor is a protein.
2. A method for the preparation of the spreading factor in relatively pure form is presented and discussed.
3. In addition to the spread, concentrated solutions of the testicular 3 These findings are not in agreement with the results recently published by Favilli (16) .
factor are shown to produce a condition of the skin having the characters of edema.
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